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Abstract

Background: Minimally invasive separation surgery (MISS) is a safe and effective surgical technique, the current opti-
mal treatment for spinal metastases. However, the learning curve for this technique has not been analyzed. This study
aimed to define and analyze the surgical learning curve of MISS for the treatment of spinal metastases with small inci-
sion and freehand pedicle screw fixation.

Methods: A continuous series of 62 patients with spinal metastases who underwent MISS were included. Each
patient’s operative data were accurately counted. The improvement of the patients’ neurological function was fol-
lowed up after surgery to evaluate the surgical treatment effect. Logarithmic curve-fit regression was used to analyze
the surgical learning curve of MISS. The number of cases needed to achieve proficiency was analyzed. Based on this
cut-off point, this series of cases was divided into the early phase and later phase groups. The influence of the time
sequence of MISS on surgical data and surgical efficacy was analyzed.

Results: The operative time decreased gradually with the number of surgical cases increasing and stabilized after
the 20th patient. There was no statistical difference in demographic characteristics and preoperative characteristics
between the two groups. The mean operative time in the later phase group was about 39 min shorter than that in
the early phase group (mean 227.95 vs. 189.02 min, P=0.027). However, it did not affect other operative data or the
surgical treatment effect.

Conclusion: The learning curve of MISS for spinal metastases is not steep. With the increase of surgeons’ experience,
the operative time drops rapidly and stabilizes within a certain range. MISS can be safely and effectively performed at
the beginning of a surgeon’s caree.
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as much as possible by preserving neurological function
[3] and relieving pain [4]. Radical surgery, such as total
en-bloc spondylectomy, is not suitable for most patients
with multiple spinal lesions regarding the perioperative
complications and limited life expectancy. Instead, pal-
liative surgery, such as separation surgery, is usually rec-
ommended [5]. Researches at different cancer centers are
increasingly recommending MISS as the current optimal
treatment for spinal metastases [6—12]. Compared with
traditional open surgery (TOS), MISS has the advantages
of less trauma, less blood loss, lower incidence of compli-
cations, and shorter hospital stay without compromising
operative duration and functional outcomes [13].

Trying a new surgical technique without knowing
this technique’s learning curve may lead to repetitive or
unnecessary mistakes. More importantly, surgeons need
to be aware of the risks of performing the surgical tech-
nique early in their career and predict when proficiency
is expected to be achieved. Several studies have analyzed
the learning curve of different minimally invasive surgi-
cal techniques used to treat spinal diseases, contributing
to the understanding and evaluation of these new tech-
niques by surgeons and the popularization of these new
techniques [14—17]. However, no studies have described
the learning curve of MISS. To our best knowledge, no
studies have analyzed the course of learning the tech-
nique by a single surgeon in a series of cases. Therefore,
this study attempted to define and analyze the learning
curve of using minimally invasive surgical techniques for
separation surgery and to evaluate the usefulness of this
technique.

Methods
Data collection
From December 2018 to September 2020, a continuous
series of patients with spinal metastases who underwent
MISS in our center were collected, approved by the Sun
Yat-sen University Cancer Center Ethics Committee.
Indications of surgery for patients with spinal metastasis
were the presence of progressive paralysis due to spinal
cord compression or intolerable back pain as a result of
the instability of pathologic fracture [6]. Patient survival
was assessed using TOMITA and TAKUHASHI revised
scoring systems, with all patients expected to survive
more than 3 months after surgery. Inclusion criteria were
patients who met the indications of separation surgery,
underwent single-level MISS (decompression in one
segment), and underwent surgery at the surgical site for
the first time. Patients who underwent double-level or
multi-level MISS or only had lamina involvement were
excluded.

A total of 62 patients were eventually included in the
study, with a time span of about 22 months. All patients
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have signed the documentation of operation consent.
These cases were treated in a single treatment group,
using the same surgical technique, and performed by the
same junior attending and his surgical team members.
The doctor had not performed this kind of surgery before
the first patient but had been formally trained in the sur-
gical technique. The series of cases were sorted and num-
bered in chronological order by the date of operation.

Patients’ Demographic and Basic Clinical Data such
as age, gender, type of primary tumor, number of spinal
metastases, surgical site, and co-morbidities in this series
were collected. Patients included underwent a standard
preoperative evaluation, and preoperative emboliza-
tion, epidural spinal cord compression (ESCC), spinal
cord injury Frankel grades, and Karnofsky performance
status (KPS) were carefully evaluated. Each patient’s
operative data were also accurately counted, including
the operative time, intraoperative blood loss, postop-
erative drainage volume, the retention time of drainage
tube, postoperative hospital stay, perioperative complica-
tions (Including wound issues, infection, hardware fail-
ure, hematoma, dural rupture, durotomy, cerebrospinal
fluid leaks, tumor recurrence), and other variables. The
improvement of the patients’ neurological function was
followed up four weeks after surgery using Frankel grades
to evaluate the surgical treatment effect further.

Surgical technique

The procedure and characteristics of MISS for the treat-
ment of spinal metastases with a small incision and free-
hand pedicle screw fixation are as follows. The separation
surgery was performed in a posterolateral approach that
allows for stabilization and circumferential epidural
decompression to create at least 2- to 3-mm epidural
margin for ablative SBRT within the constraints of spinal
cord tolerance [18]. The "C" arm X-ray machine located
the position of the affected vertebra and the position of
the pedicle of its upper and lower two segments, and
marked them as the corresponding incision. The pedicle
screws were implanted with a 1- to 2-cm small incision
through the Wiltse paravertebral muscle space approach
under direct vision, followed by circumspinal decom-
pression along bilateral sides through a 5- to 6-cm skin
midline incision. Pedicle screws were placed a minimum
of 2 levels above and below the decompression level to
support the vertebral lesion. Finally, the connecting rods
were inserted subcutaneously by the incision above. For
osteolytic and mixed lesions, PMMA was applied to fill
the vertebral lesion site through a bone cement push rod
to support the spinal stability further. After decompres-
sion was completed, tumor samples were taken for his-
topathological analysis. A non-suction drain was placed
at the end of the procedure. For tumors of the thoracic
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vertebrae, a neuroelectrophysiological detection system
(Protektor32, Natus Medical Incorprated DBA Excel-
Tech Lid, Canada.) was used for intraoperative detection.
Figure 1 shows a representative case.

Statistical analysis

Logarithmic curve-fit regression was used to analyze the
surgical learning curve of MISS in this series of cases. The
method has been reported in previous studies [14, 15,
17]. The number of cases needed to achieve proficiency
was analyzed. Based on this cut-off point, this series of
cases was divided into the early phase and later phase
groups (technical steady-state group). Statistical analyses
were performed using SPSS software, version 16.0 (SPSS
Inc., Chicago, IL, US). The independent sample t-test and
the X2 or Fisher’s exact test were performed for continu-
ous and categorical variables. Firstly, the two groups of
patients were analyzed to see if there were differences
in demographic characteristics and preoperative charac-
teristics. The influence of the time sequence of MISS on
surgical data and surgical efficacy was further analyzed.
Significance was set at P value of less than 0.05.

Results
The learning curve of MISS as shown by operative time.
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As the number of surgical procedures performed by
the surgeon increased, the operative time of the mini-
mally invasive separation procedure gradually decreased
and stabilized after the 20th patient, as indicated by the
equation (y=-32.19 log(x) 4+ 303.79, P<0.001, R*=0.197)
(Fig. 2).

Patients’ demographic and basic clinical data

The 20" patient was taken as the cut-off point, and the
20" and before patients were classified as the early phase
group, while those after the 20" patient were classified as
the later phase group. There were no significant differ-
ences in age (P=0.906) or gender (P=0.544) between the
two groups (Table 1). Except for the 50™ patient (1 patient
in the later phase group), all the other patients had multi-
ple spinal metastases, and there was no statistical differ-
ence between the two groups (P=0.677) (Table 1). The
surgical site’s distribution in the vertebral body is shown
in Fig. 3. Statistical analysis showed no difference in the
distribution of the surgical site in the thoracic and lum-
bar vertebrae (P=0.294) (Table 1). As for co-morbidities
such as coagulation dysfunction and diabetes, these two
factors did not differ statistically between the two groups
(Table 1). The distribution of primary tumor types was
shown in Table 2, and the top three were breast cancer

separation surgery (MISS)

Fig. 1 A representative case: a 52-year-old man with L2 hepatic carcinoma metastasis. A-D The T2and T1-weighted sagittal (A and B) and axial (C
and D) MRl images showed a destructive lesion involving L2 with high-grade ESCC (Grade 2). E-F Photographs showing the 5-6 cm incision in the
midline for tumor debulking and spinal cord decompression (E). Another four small incisions (1.5-2 cm) were made for pedicle screws and rods
implantation (F). G-H The sagittal (G) and axial (H) CT images demonstrated pedicle screws and rods position and PMMA after minimally invasive
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Table 1 Patients'Demographic and Basic Clinical Data

Early phase  Later phase  Pvalue
group group
(n=20) (n=42)
Age(mean £ SD) 5435+1048 5398+£1202 0.906
Gender (%) 0.544
Female 11(55%) 24(57.1%)
Male 9(45%) 18(42.9%)
Number of spinal metastases 0677
(%)
multiple 20(100%) 41(97.6%)
single 0 1(2.4%)
Surgical site (%) 0.294
Thoracic 15(75%) 27(64.3%)
lumbar 5(25%) 15(35.7%)
Coagulation dysfunction
Normal 18(90%) 42(100%) 0.189
Abnormal 2(10%) 0
Diabetes
Normal 20(100%) 39(92.9%) 0.554
Abnormal 0 3(7.1%)

SD standard deviation. The criteria for abnormal coagulation dysfunction
were: prothrombin time (PT) has been increased by 3 s or activated partial

thromboplastin time (APTT) increased by 10 s

(13 cases,21.0%), lung cancer (12 cases,19.4%), and renal
cancer (7 cases,11.3%). There was no statistical difference
in the distribution of primary tumor types between the
two groups (P=0.318) (Table 2).

Preoperative evaluation of spinal metastases

A comparative analysis was made of the preoperative
evaluation of the two groups of cases. One patient in each
group had undergone preoperative embolization, and the
primary tumor type in both cases was renal carcinoma.
There was no statistical difference in preoperative embo-
lization between the two groups (P=0.545) (Table 3).
Besides, there were no statistically significant differ-
ences between the two groups in preoperative Frankel
grades (P=0.270), ESCC (P=0.651), and KPS (P=0.255)
(Table 3).

Surgical data of MISS

In the analysis of operative data, it was found that
the mean operative time of the later phase group was
significantly reduced compared with the early phase
group, with a mean reduction of about 39 min, and
the difference between the two groups was statisti-
cally significant (P=0.027) (Table 4). On the other
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Fig. 3 The distribution of the surgical site in the vertebral body

Table 2 The Distribution of Primary Tumor Types

Table 3 Preoperative Evaluation of Spinal Metastases

Primary tumor Early phase Later phase Pvalue
group (%) group (%) Early phase  Later phase  Pvalue
group group
Breast 2(10%) 11(26.2%) (n=20) (n=42)
Lung 3(15%) 9(21.4%) ] T
) Preoperative embolization (%) 0.545
Kidney 5(25%) 2(4.8%)
. yes 1(5%) 1(2.4%)
Liver 1(5%) 4(9.5%)
) no 19(95%) 41(97.6%)
Thyroid 2(10%) 1(2.4%) ‘
Preoperative Frankel grades 0.270
Myeloma 2(10%) 3(7.1%) %)
Colorectal 0 1(2.4%) 0318 A 2(10%) 1(2.4%)
Unknow 1(5%) 3(7.1%) B 0 0
Prostate 1(5%) 0 C 2010%) 12(28.6%)
Nasopharynx 1(5%) 2(4.8%) D 10(50%) 18(42.9%)
Uterus 1(5%) 1(2.4%) E 6(30%) 11(26.2%)
Total 20(100%) 42(100%) 1A 0 102.4%)
1B 2(10%) 5(11.9%)
1C 2(10%) 5(11.9%)
hand, although the operative time of the later phase D 10(50%) 13(31.0%)
group was significantly shortened, it did not affect the 3 6(30%) 18(42.9%)
intraoperative blood loss (P=0.533), the incidence of  pc %) 0255
massive blood loss (>1000 ml) (P=0.505), retention ~60 13(65%) 22(52.4%)
time of drainage tube (P=0.385), the length of post- <60 7(35%) 20(47.6%)

operative hospital stay (P=0.622) and the incidence

ESCC epidural spinal cord compression; KPS Karnofsky performance status
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Table 4 Surgical Data of Minimally Invasive Separation Surgery (MISS)
Early phase group Later phase group P value
(n=20) (n=42)
Operative time (min) (mean % SD) 227.95480.69 189.024+53.52 0.027
Intraoperative blood loss (ml) (mean 4= SD) 686.50+631.07 792.86+532.89 0.533
Massive blood loss (> 1000 ml) (%) 4(20%) 10(23.8%) 0.505
Postoperative drainage volume (ml) (mean £ SD) 337.614£253.51 471.88+235.01 0.054
Retention time of drainage tube (min) (mean £ SD) 4444167 4884151 0.385
Postoperative hospital stay (day) (mean £ SD) 5254227 4934244 0.622
Perioperative complications (%) 1(5%) 2(4.8%) 0.696

SD standard deviation

of perioperative complications (P=0.696), and there
was no statistical difference in the above variables
between the two groups (Table 4). Among the patients
with intraoperative massive blood loss, there were
four patients in the early phase group, including two
patients with spinal metastases from renal carcinoma
and the remaining two patients with spinal metastases
from breast cancer and thyroid cancer, respectively. In
the later phase group, there were 10 cases with intra-
operative massive blood loss, of which the primary
tumor type was breast cancer in 5 cases, liver cancer
in 2 cases, myeloma in 2 cases, and thyroid cancer in 1
case. In terms of postoperative drainage volume, there
was no significant difference in postoperative drain-
age volume between the two groups after the extreme
value was removed (P=0.054) (Table 4). As for perio-
perative complications, one patient in the early phase
group developed dural rupture. Two patients in the
later phase group developed an epidural hematoma.
There is no postoperative infection that occurred in
either group.

The improvement of neurological function after operation
The improvement of neurological function after the
operation was statistically analyzed. There was no
significant difference in the improvement of neuro-
logical functional status (P=0.600) and Frankel grades
improvement (P=0.827) between the two groups
(Table 5). Neurological function improved in 6 of 20
patients (30%) in the early phase group and 13 of 42
patients (31.0%) in the later phase group. Postopera-
tive neurologic function was stable in 14 (70%) and
27 (64.3%) patients in the early phase and later phase
groups respectively. Five patients (25%) in the early
phase group had grade 1 improvement, and one (5%)
had grade 2 improvement. In the later phase group,
12 patients (28.6%) had grade 1 improvement, and
one (2.4%) had grade 2 improvement. In general,

Table 5 The Improvement of Neurological Function after

Operation
Early phase  Later phase  Pvalue
group group
(n=20) (n=42)
Improvement of neurologi- 0.600
cal functional status
improve 6(30%) 13(31.0%)
stable 14(70%) 27(64.3%)
worse 0 2(4.8%)
Frankel grades improvement 0.827
grade 0 14(70%) 27(64.3%)
grade 1 5(25%) 12(28.6%)
grade 2 1(5%) 1(2.4%)

the surgical treatment effect of the two groups was
satisfactory.

Discussion

In clinical practice, the learning curve associated with
surgery is an essential consideration when advising
patients about the possible treatment options and their
expected efficacy. Besides, after the safety and effective-
ness of a new surgical technique have been verified, this
technique’s promotion and popularization also need to
consider the learning curve. MISS is a safe and effective
surgical technique, the current optimal treatment for
spinal metastases [6—-12]. However, the learning curve
for this technique has not been analyzed. This study
described the learning curve of MISS, and analyzed and
compared preoperative, intraoperative and postoperative
objective factors related to this surgical technique’s learn-
ing curve.

In this series of patients with spinal metastases, the
operative time-based learning curve of MISS showed that
the operative time decreased gradually with the number
of surgical cases increasing and became stabilized after
the 20th patient. Based on this, this series of cases were
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divided into the early phase group and the later phase
group. There was no statistical difference in demographic
characteristics and preoperative characteristics between
the two groups. Under this premise, we analyzed and
compared the surgical data and clinical efficacy of the
two groups of patients. The mean operative time was
significantly shorter in the later phase group than that in
the early group, about 39 min shorter on average. It dem-
onstrated that after the appropriate number of surgical
cases, the surgeon can quickly reach the technical steady
period, and the operative time is stable within a certain
range. Crucially, shorter operative time in the later phase
group did not affect operative data. There were no statis-
tically significant differences between the two groups in
intraoperative blood loss, the incidence of massive blood
loss, postoperative drainage volume, the retention time of
drainage tube, postoperative hospital stay, and incidence
of perioperative complications. Moreover, it is worth not-
ing that both groups of patients obtained good postop-
erative outcomes, and there was no statistical difference
in surgical treatment effect between the two groups. In
both groups, neurological function improved to varying
degrees or remained stable in most patients.

With the progress of comprehensive treatment of
tumors, the number of patients with spinal metastases
is increasing. Therefore, it is necessary to promote and
popularize the MISS technique. Although many can-
cer centers have developed this technique successively,
many surgeons are still concerned that the small inci-
sion of MISS will increase the difficulty of the operation
and that it is difficult to stop intraoperative tumor bleed-
ing through a small incision, etc. These worries may be
caused by the fact that the learning curve of MISS was
not clearly defined and analyzed before this study. By
defining and analyzing the learning curve of MISS, this
study shows that this surgical technique’s learning curve
is not steep, and surgeons could reach the technical pro-
ficiency period after receiving formal training and an
appropriate number of surgical cases. Although the ini-
tial operative time is longer than that in the latter stage,
the surgical treatment effect is comparable to that of
the latter cases, and the effect is satisfactory. Therefore,
we believe that after the training of minimally invasive
separation procedures, surgeons can gradually carry out
this surgical technique so that more patients with spi-
nal metastases can benefit from this minimally invasive
technique.

According to Selafani’s systematic review, for most
minimally invasive spinal surgery techniques, continu-
ous completion of 20-30 procedures can overcome the
learning curve marked by operative time and incidence of
complications [19]. Therefore, a beginner must pay atten-
tion to the prevention of complications when developing
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new technology and find some regular experience in lit-
erature study and attending academic conferences to
go through the learning curve smoothly. For MISS, our
recommendations to surgeons who are performing this
technique in the early stages are as follows. Firstly, before
carrying out this operation, it is necessary to have a spe-
cific basis in spinal surgery and bone oncology and to
receive surgical skill training from a professional depart-
ment. Otherwise, the probability of spinal cord or nerve
root injury during the operation may increase. Secondly,
for metastatic spinal lesions with a rich blood supply
(such as kidney cancer, thyroid cancer, liver cancer, etc.)
[20, 21], preoperative embolization can be considered to
reduce intraoperative bleeding. Thirdly, when the spinal
cord or nerve root decompression is performed, it is bet-
ter to carry out electrophysiological nerve monitoring.
After returning to the ward after surgery, it is necessary
to ensure that the drainage tube is patency and closely
observe the changes in nerve function. If problems are
found, timely treatment should be carried out.

The study is not without limitations. Firstly, this was a
retrospective study, not a prospective one, making it dif-
ficult to avoid the cofounder bias, although the early and
late group cohorts seemed to match well. Secondly, long-
term QOL was not assessed due to the short follow-up
time.

Conclusion

The learning curve of MISS for spinal metastases is not
steep. With the increase of surgeons’ experience, the
operative time drops rapidly and stabilizes within a cer-
tain range. MISS can be safely and effectively performed
at the beginning of a surgeon’s career. This conclusion
may be useful for young surgeons to choose between
MISS and TOS to treat spinal metastases. It is also evi-
dence of the high feasibility of the popularization of this
technique.
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